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(54) Infrared QPSK transmission system 

(57) A digital signal transmitting apparatus (1 ), a dig- 
ital signal transmitting method, and a digital signal trans- 
mitter-receiver, for transmitting a digital signal within a 
specified frequency band by using an infrared transmis- 
sion method. An infrared signal within a specified fre- 
quency band can be obtained by using a QPSK 



modulation circuit 13 having roll-off filters 132 and 133 
and applying roll-off filtering and QPSK modulation to an 
inputted digital audio signal, and thereby generating a 
digital modulated signal 82 whose bandwidth is nar- 
rowed and driving an infrared emitter (4) based on the 
modulated digital audio signal S2. 
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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

The present invention relates to a digital signal transmission apparatus, a digital signal transmission method, and 
a digital signal transmitter-receiver, and is suitable for applying to a case of transmitting a digital audio signal by, tor 
example, a radio transmission system. 

10 

DESCRIPTION OF THE RELATED ART 

As this type of aucfio signal transmission method, there is an infrared transmission method. The infrared transmission 
method generates a transmission audio signal by frequency-modulating an audio signal at the transmitting side and 

IS driving an infrared optical emitter based on the frequency-modulated signal. At the receiving side, the transmission audio 
signal is received by an Infrared photodetector and thereafter demodulated. 

Thereby, this type of audio signal transmission method requires no transmission line and makes it possit)le to simul- 
taneously transmit a desired audio signal to a plurality of audio units. Therefore, the audio signal transmission method 
is used for a wireless headphone, a speaker system, and so on. 

20 However, the existing infrared transmission method has a problem that an audio signal is easily deteriorated because 
it is analog-modulated and then transmitted. 

To solve this problem, an audio signal transmission method of driving an infrared optical emitter based on a digital 
audio signal and thereby transmitting a high-tone-quality digital audio signal by an infrared transmission method Is pro- 
posed by the applicant of this application and disclosed in the US Patent Application No. 5394259. 

25 However, the audio signal transmission method of this type drives an infrared optical emitter by directly using a 
digital audio signal to be originally transmitted by a coaxial cable or optical fiber, or a digital audio signal processed 
through EFM (Eight to Fourteen Modulation). Therefore, a problem occurs that the frequency band of the digital audio 
signal thus obtained cannot follow the frequency allocation of 8ii>-carrier8 related to infrared transmission specified in 
CP- 1205 of Electronic Industries Association of Japan. 

30 That is. CP-1205 specifies the frequency allocation (sub-carrier) shown in Fig. 1 so as to transmit a remote control 
signal within a band of 0.33 to 0.4 [MHz], a conference system signal and an analog audio signal within a band of 0.4 
to 1 [MHz], various data values within a band of 1 to 2 [MHz], a high-tone-quality audio signal within a t>and of 2 to 6 
[MHz], and a video signal within a band of 6 to 30 [MHz]. 

Thus, a digital audio signal must be transmitted within a frequency band of 2 to 6 [Mhiz]. However, an existing digital 

35 audio signal is transmitted also by using a band other than the above frequency band. 

SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the present invention is to provide a digital signal transmission apparatus, a 

40 digital signal transmission method, and a digital signal transmitter-receiver where it is possible to transmit within a spec- 
ified frequency band and to obtain a desired signal characteristic at the receiving side, when transmitting a digital audio 
signal according to the infrared transmission method. 

The foregoing object and other objects of the present invention have been achieved by the present invention, which 
provides QPSK-modulation means comprising: a means for generating an 1-component signal and a Q-component signal 

45 through seriaiy|3arallel conversion of a digital signal; a roll-off filter with a predetermined roll-off rate for narrowing a 
bandwidth through filtering of the I- and Q-component signals; and a means for two-phase-modulating the filtered 1- and 
Q-component signals, so that an infrared emitter is driven based on a digital modulated signal supplied from the QPSK- 
modulatlon means to generate infrared rays. 

Further, the present invention provides that: data division means for dividing digital signal into a plurality of data 

50 values in accordance with a predetermined significance of each data value included in the digital signal; QPSK-modu- 
lation means for roll-off-shaping and QPSK-modulating one of the divided data values; BPSK-modutation means for roll- 
off-shaping and BPSK-modulating one of the divided data values; 16QAM-modulation means for roll-off-shaping and 
16QAM-modulating one of the divided data values; and addition means for adding BPSK-modulated data, 16QAM- 
modulated data, and QPSK-modulated data, so that an infrared emitter is driven based on a digital modulated signal 

55 supplied from the addition means to generate Infrared rays. 

A digital signal is modulated by the QPSK-modulation means having a roll-off filter and limited to a predetermined 
frequency band. Therefore, an infrared signal set within a specified frequency band can be obtained by driving an infrared 
emitter based on the band-limited digital nradulated signal. 
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Moreover, by applying a different modulation (QPSK modulation, 16QAM modulation, or BPSK modulation) to a 
digital signal in accordance with the significance of the digital signal data, It is possible to increase the transmission 
distance for data with higher significance and receive a natural voice whose tone quality is gradually deteriorated at the 
receiving side as the distance between the transmitting and receiving sides increases. As a result, it is possible to obtain 
s a desired signal characteristic at the receiving side. 

The nature, principle and utility of the invention will become more apparent from the fbllowing detailed description 
when read in conjunction with the accompanying drawings in which like parts are designated by like reference numerals 
or characters. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

Fig. 1 is a schematic diagram showing a frequency allocation standard related to infrared transmission; 
15 Fig. 2 is a block diagram showing an embodiment of an audio signal transmission system using the digital signal 
transmission apparatus of the present invention; 

Fig. 3 Is a block diagram showing the structure of a transmitter of the embodiment; 

Figs. 4(A) and 4(B) are schematic diagrams showing data block structures of tiie DIO standard; 

Fig. 5 is a schematic diagram showing a frequency band of an optical transmission signal outputted from tiie audio 
20 signal transmission apparatus of the embodiment; 

Fig. 6 is a block diagram showing the structure of a QPSK modulation circuit of tiie embodiment; 

Figs. 7(A) to 7(C) are schematic diagrams explaining the roll-off filtering by the embodiment; 

Fig. 8 is a tHock diagram showing the structure of a receiver of tiie embodiment; 

Fig. 9 is a tHodK cfiagram showing the structure of a transmitter of the second embodiment; 
25 Fig. 10 is a characteristic curvilinear diagram showing tiie relation between distance up to a receiver explaining 

graceful degradation and reached data; and 

Fig. 11 is a block diagram showing tiie structure of a receiver of another embodiment. 
DETAILED DESCRIPTION OF THE EMBODIMENT 

30 

Prefen'ed embodiments of tills Invention will be desaibed witii reference to the accompanying drawings: 
(1) First embodiment 

3s Referring to Rg. 2. reference numeral 1 denotes an audio signal transmission apparatus for transmitting a digital 
audio signal according to tiie infrared transmission mettiod as a whole. The audio signal transmission apparatus 1 inputs 
a digital audio signal 81 outputted from a digital audio unit 2 to a transmitter 3 through a coaxial cable or optical fiber. 

In tiie transmitter 3. the digital audio signal SI conforming to IEC-958 (DIO) specified by lEC (International Electro- 
technical Commission) is first re-tbrmatted into a structure suitable for infrared transmission. TTiis is because data at a 

40 transmission rate of 3.072 [Mpbs] x 2 (multiplied by 2 for biphase conversion) is present in tiie case of DIO and tiiereby 
a band cannot be set within 3 to 6 [MHz]. 

The re*fbrmatted signal is digital-modulated and a modulated audio signal S2 obtained by the digital modulation is 
transmitted to an infrared optical emitter 4. The infrared optical emitter 4 comprises an amplifying circuit, a light emitting 
diode (or a laser diode), a lens, and an optical filter, which is driven based on tiie modulated audio signal 82 to generate 

46 an optical transmission signal S3 consisting of infrared rays. 

The optical transmission signal S3 is converted to a modulated audio signal 84 by an infrared photodetector 5 
comprising an optical filter, a lens, a photodlode (or a phototransistor), and an amplifying circuit and inputted to a receiver 
6. The receiver 6 generates a demodulated audio signal 85 having the same data structure as the digital audio signal 
81 by reversing the processing performed by tiie transmitter 3 and demodulating the modulated audio signal 84 and 

so transmits the demodulated audio signal 5 to an analog audio unit 7 and/or a digital audb unit 8 comprising a speaker 
system and the like through a coaxial cable or optical fiber. 

In this case, the transmitter 3 is constituted as shown in Rg. 3. That is, the transmitter 3 inputs tiie digital audio 
signal SI to a re-fbrmatting circuit 1 2 through an input circuit 1 0 and a parity addition circuit 1 1 . The parity addition circuit 
1 1 adds an error connection parity to a digital audio signal 87 and supplies a digital audio signal 89 obtained as tiie result 

55 of addition of the parity to the re-fbrmatting circuit 12. 

The re-formatting circuit 12 removes unnecessary data or duplicate data such as a block synchronizing signal or 
subframe synchronizing signal from the digital audio signal S9 and thereafter stores the block structure specified in lEC- 
958 (DIO), and moreover, when necessary, forms a predetermined bit stream by adding an error correction parity to tiie 
signal 89. As a result, the re-fbrmatting circuit 12 makes it possible to narrow the bandwidtii of tiie digital audio signal 
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S9 by removing unnecessary data and add error correction data to the digital audio signal S9. Rgs. 4A and 4B slicw 
the t)tock structure specified In DIO. 

The transmitter 3 supplies the digital audio signal S1 to a clock conversion circuit 15 through the input circuit 10. 
The clock conversion circuit 15 comprises a PLL circuit, a frequency dividing circuit, and a multiplication circuit and 
5 generates a channel clock S8 by property converting a data clock (sampling frequency) S6 of the digital audio signal S1 
in accordance with the information on how much data increases (predetermined) in the parity addition circuit 1 1 and the 
re-fbrmatting circuit 12. 

In fact, the digital audio signal SI is a signal reproduced by the digital audio unit 2 (Fig. 2) such as a digital processor, 
compact-disk reproducer, or digKal audio taperecorder (DAT), with a sampling frequency of 32, 44.056, 44.1 . or 48 [kHz], 

10 and at a transmission rate of 3.072 [Mbps] when the number of quantization bits ranges between 20 and 24 and a 
sampling frequency of 48 [kHz] (this is the severest condition for limiting the frequency band of a signal), that is, a digital 
audio signal conforming to iEC-958 specified by lEC (International Electrotechnical Commission). 

A QPSK (Quadrature Phase Shift Keying) modulation circuit 13 receives a re-formatted signal S10 oulputted from 
the reformatting circuit 12 and the channel clock S8 obtained by clock-converting the sampling frequency signal S6. The 

IS QPSK modulation circuit 13 sets the re-formatted signal S10 within a predetermined frequency range by applying four- 
phase nKXiulation to the re-formatted signal S10 while referring to the channel clock S8. 

Thus, the QPSK modulation circuit 13 modulates the digital audio signal SI into the nrKXlulated audio signal S2 with 
a frequency band of 3 to 6 [MHz] by avoiding the frequencies 2.3 and 2.8 [MHz] allocated to an analog headphone out 
of the frequencies of 2 to 6 [MHz] assigned as a high-tone-quality voice transmission band, as shown in Fig. 5. 

20 Fig. 6 shows a detailed structure of the QPSK modulation circuit 1 3. The re-formatted signal S10 Is supplied to the 
Input terminal of a switcher SW1. In the switcher SW1, either terminal "a" or Id" is selected in accordance with the 
channel dock S8. That is, the terminal "a" is selected when the channel clock SB corresponds to the sampling frequency 
44.056 or 44.1 [kHz] and the terminal "b" is selected when it con-esponds to the sanrpling frequency 32 or 48 [kHz]. 
In this case, the switcher SW1 is controlled in accordance with the channel dock S8. However, it is also possible to 

25 confrd the switcher SW1 by using the data clock S6 because it is possible to know the sampling frequency of the digital 
audio signal S1 by using either channel clock S8 or data dock S6. Therefore, as long as the sampling frequency can 
be known. It is possible to switch the terminals "a" and V of the switcher SW1 by using any signal specified in IEC-958 
(DIO) and capable of discriminating the sampling frequency. 

Thereby, when the sampling frequency is 44.056 or 44.1 [kHz], the re-formatted signal S10 is directly inputted to a 

30 serial/jparallel conversion drcuit 131. However, when the sampling frequency is 32 or 48 [kHz], the signal S1 0 is inputted 
to the serial/jparallel conversion drcuit 131 through a patching drcuit 130. The patching circuit 130 reads data at a 
channel clock corresponding to the sampling frequency of 48 [kHz] and forms a data block even if the data of 32 [kHz] 
is inputted. 

However, because the patching drcuit 130 reads the data of 32 [kHz] at the channel clock of 48 [kHz], the data 
35 overflows one block. Therefore, the patching circuit 1 30 performs patching for inserting unnecessary data. In this case, 
1/3 the data In the block becomes unnecessary data. Thus, because patching is performed, the signal of 32 [kHz] can 
be handled as the signal of 48 [kHz] and processed by a pair of roll-off filters. As a result, the sfructure can be simplified. 

The re-formatted signal S10 is parallel-converted to 1-data S1 1 and Q-data SI 2 by the serial/k^arallel conversion 
circuit 131. The l-data S1 1 and Q-data S12 are supplied to roll-off filters 132 and 133 respectively. In tiiis case, roll-off 
40 filters 1 32A and 1 33A perform filtering to the signals with tiie sampling frequendes of 44.056 and 44. 1 [kHz] k)y regarding 
them as signals corresponding to one sampling frequency. This is because the sampling frequendes of these two signals 
are very close to each other. 

Moreover, roll-off filters 132B and 133B perform filtering corresponding to the signal of 48 [kHz]. These two types 
of filters are switched by switchers SW2 and SW3 similarly to the case of the switcher SW1 . Filtered l-data SI 3 and Q- 
45 data S14 are supplied to multqslication circuits 1 34 and 1 35 respectively. 

The multiplication circuit 134 multiplies a carrier te generated by a carrier generation circuit 136 by the l-data SI 3 
and sends a nrxxJulated signal SI 5 obtained as the result of tiie multiplfoation to an addition drcuit 1 38. The multiplication 
circuit 135 multiplies the earner fc whose phase Is shifted by n/2 by a phase shifter 1 39 by the Q-data S14 and sends 
a modulated signal SI 6 obtained as tiie result of the multiplication to the addition drcuit 1 38. Thus, tiie modulated signals 
so SI 5 and SI 6 are added by the addition drcuit 138 and thereby, tiie modulated audio signal S2 generated by QPSK- 
modulating the carrier fc with the digital audio signal (re-formatted signal) S10 Is obtained. 

In tiie case of this embodiment, rdl-off rates of two pairs of roll-off filters 132 and 133 are set to 20 to 30 [%] and 
resuKingly. the QPSK modulatfon circuits 13 can obtain a fransmission content capable of adding an enror connection 
parity. 

5S The modulated audio signal S2 outputted from the QPSK modulation circuit 1 3 Is transmitted to the following infrared 
optical emitter 4 (Fig. 2) through the amplification circuit 14. Thus, it is possible to output the optical transmissfon signal 
S3 set within a specified frequency band from the infrared optical emitter 4. 

Therefore, the fransmitter 3 effectively sets a digital audio signal within a specified frequency by combining tiie 
filtering by the rdl-off filters 132 and 133 having a roll-off rate of 20 to 30 [%] witii QPSK nKXIulation. This operation is 
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described below by referring to Figs. 7(A) to 7(C). Fig. 7(A) shows a signal obtained by modulating the signal of the 
sampling frequency of 48 [kHz] only by QPSK. In this case, the band has 3.072 [MHz] centering around the cannier 
frequency fc (e.g. 4.5 [kHz]). Therefore. It is not Impossible to set a digital audio signal within 3 to 6 [MHz] only by QPSK 
modulation. 

5 Therefore, the transmitter 3 further nan'ows the bandwidth by combining roll-off filtering with QPSK modulation. Fig. 
7(B) shows characteristic curves of a roll-off filter. To set a digital audio signal within 3 to 6 [MHz] and add a predetermined 
number of error correction codes to the signal, it is necessary to decrease a roll-off rate. However, because it is practically 
difficult to realize an extremely-steep characteristic curve. It Is proper to set the roll-off rate to 20 to 30 [%]. Therefore, 
in the case of this embodiment, the roll-off rate is set to 20 to 30 [%]. In Fig. 7(B). symbol fch represents a channel dock 

10 frequency on a transmission path and Tch represents a time interval of a symt)ol. 

Fig. 7(C) shows a digital audio signal whose frequency is set within 3 to 6 [MHz] by combining roll-off filtering with 
QPSK modulation as the case of this embodiment. The both ends of the signal are provided with a slight allowance 
(guard band) respectively because a case of performing processing with a band pass filter (not shown) at the receiving 
side is considered. 

15 In this case, the receiver 6 is constituted as shown in Fig. 8. That is, the receiver 6 inputs the modulated audio signal 
S4 outputted from the infrared photodetector 5 to a QPSK demodulation circuit 21 and a carrier detection circuit 22 
through an amplification circuit 20. The QPSK demodulation circuit 21 generates a denxxlulated audio signal S21 com- 
prising the same bit stream as the re-fbrmatted signal S10 (Fig. 3) by demodulating a modidated audio signal S20 while 
refemng to a carrier signal S22 detected by the carrier detection circuit 22 and sends tiie demodulated audio signal S21 

20 to a format restoration circuit 23. 

The format restoration circuit 23 generates a digital audio signal S23 conforming to IEC-958 from the demodulated 
audk) signal S2 1 by reversing tiie processing performed by ttie re-fbr matting circuit 1 2 and sends the digital audio signal 
S23 to an eror conrection circuit 24. The en^or correction circut 24 corrects an en'or caused under transmi88k>n by using 
an error connection parity included In the digital audio signal 823 and sends a digital audio signal S24 obtained as the 

25 result of the error correctton to an output circuit 25. 

In tiiis case, the error con'ection circuit 24 checks if the error can be corrected. If not. tiie circuit 24 sends an output 
control signal S25 to tiie output circuit 25 to stop the output operation of tiie output circuit 25. In tiie case of this embod- 
iment, the error correction parity uses a Read-Solomon code, a correctable range "r" is set as shown in tiie following 
equation: 

30 

d>2r (1) 

for a distance "d" of a correction code in order to enable error correction, and en^ors are corrected in ttie range. The 
output circuit 25 generates tiie demodulated audio signal S5 by converting tiie data rate of the digital audio signal 824 

35 to a value suitable for an audio unit at the rear stage and outputs tiie signal 85. 

In the at>ove structure, the transmitter 3 of tiiis embodiment sets a signal of, for example, 3.072 [Mbps] within a 
frequency band of 3 to 6 [MHz]. The transmitter 3 removes unnecessary data from an inputted digital audio signal. 
Moreover, tiie transmitter 3 adds an error correction parity to data. In this case, data content of the signal increases by 
a value obtained by subtracting unnecessary data from tiie parity compared to ttiat of the original signal. 

40 Then, tiie transmitter 3 applies QPSK modulation to the above data. When applying the QPSK modulation, the 
transmitter 3 applies roll-off filtering to tiie digital audio signal at a roll-off rate of 20 to 30 [%]. As a result, when tiie roll- 
off rate is set to 30 [%]. it is possible to form a nriodulated audio signal having a bandwidth of approximately 2.0 to 2.6 
[MHz] centering around the carrier frequency fc (» 4.5 [MHz]). This bandwidtti slightiy changes depending on the parity 
content. 

45 Therefore, the above structure makes it possible to set the digital audk) signal 81 conforming to IEC-958 within a 
frequency band conforming to an infrared transmission standard by applying roll-off f atering and QPSK modulation to 
tiie signal SI . Thus, the infrared transmission apparatus 1 makes It possible to obtain the optical transmission signal S3 
conforming to an infrared transmission standard by driving an Infrared emitter 4 based on the modulated audio signal 
82 obtained as tiie result of the above operations. 

50 Moreover, It is possible to simplify the structure by processing tiie digital audio signal 81 comprising four types of 
sampling frequencies by two roll-off filters. 

Furtiiermore, it is possble to add an error correction code to a predetermined transmissbn content by setting the 
roll-off rate of each roll-off filter to 20 to 30 [%]. 

65 (2) Second embodiment 

In Fig. 9 in which a portion corresponding to tiiat In Fig. 3 is provkJed witii tiie reference numeral, reference numeral 
100 denotes a transmitter of tiie second embodiment as a whole, which corresponds to the transmitter 3 in Fig. 2. The 
transmitter 100 sends tiie inputted digital audio signal 81 to a data branching circuit 31 of a parity addition circuit 30 
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through the input circurt 1 0. The data branching circuit 31 sends the most significant data to an error code addition circuit 
32A. the next significant data to an en'or code addition circuit 32B. and less significant data to an error code addition 
circuit 32C In accordance with the significance (specified by DIO format) of the data included in thedigital audio signal SI . 
The error code addition drcuit 32A adds more error correction parities to inputted data, the error code addition circuit 

5 32C adds less en^or correction parities to the data, and the error code addition circurt 32B adds error connection parities 
(ess than those of the error code addition circuit 32A but more than those of the error code addition circurt 32C to the data. 

The data oulputted from the en'or code addition circuits 32A to 32C Is inputted to the re-formatting circuit 1 2 through 
a multiplexer 33. The data re-fbrmatted by the re-formatting circuit 1 2 as described above is sent to the QPSK modulation 
circuit 1 3, set within a frequency band conforming to an infrared transmission standard by being modulated by the circuit 

10 13, and outputted as the nxxlulated audio signal SI 5. 

Because the data values in user's bit, valid bit. and status bit among the data included In the digital audio signal SI 
conforming to IE0958 are practically very important, the data branching circuit 31 sends these data values to the error 
code widitlon circuit 32A. Moreover, because the significance of sampling data lowers from the MSB (Most Significant 
Bit) to the LSB (Least Significant Bit), the sanrpling data is branched from the error code addition circuit 32A to the error 

75 code addition circuit 32C. 

As a result, data provided with more error correction parities is easily restored at the receiving side when the same 
bit error occurs under transmission because the data has higher con-ection capacity than other data. However, data 
provided with less enor correction parities Is not easily restored because the data has lower restoration capacity. In other 
words, the transmitter 1 00 applies weighting to the data Included in the digital audio signal S1 . 

20 Therefore, the transmitter 100 realizes the graceful degradation by using the weighting. That is, when driving the 
infrared optical emitter 4 based on the modulated audio signal SI 5 generated by the transmitter 1 00 of this embodiment, 
the tone quality is deteriorated starting with data having less enror correction parities at the receiving side as the distance 
between the transmitting side and the receiving side increases. As a result the transmitter 100 makes it possible to 
obtain an effect as If the tone quality of an analog audio signal slowly deteriorates instead of the fact that all voices are 

25 suddenly interrupted when the distance between the transmitter 100 and the receiver 6 exceeds a certain value and 
therefore supply natural voices to the receiving side. 

Moreover, the transmitter 100 makes it possible to freely adjust a transmission distance in accordance with the 
purpose by previously setting the number of en^or confection parities to be added to a desired value and thereby, the 
usability can be improved. 

30 In the above structure, the transmitter 1 00 splits data In accordance with ttie significance of the data included in the 
digital audio signal SI . Then, the transmitter 1 00 adds more enor correction parities to data with higher significance and 
less error correction parities to data with lower significance. 

Then, the data provided with error correction parities is QPSK-modulated and tiie modulated audio signal SI 5 
obtained as ttie result of the QPSK modulation is supplied to the infrared optical emitter 4 (Fig. 2) to obtain tiie optical 

35 transmission signal S3. 

The data quantity of the optical transmission signal S3 thus obtained reaching a receiver decreases stepwise as 
the distance up to tiie receiver increases as shown in Rg. 10. Therefore. It is possible to receive natural sounds dose 
to the case of the analog transmission shown by a broken line in Fig. 10 at the receiving side. 

According to the above structure, it Is possible to realize graceful degradation and comparatively Improve the tone 
40 quality at the receiving side because more error correction parities are added to data with higher significance and there- 
after QPSK-modulated. 

(3) Other emkxxllments 

45 (3-1) In tiie above second entediment graceful degradation is realized by splitting the data Induded in the digital 
audk) signal SI in accordance witti significance and adding more error correction parities to data with higher sig- 
nificance. However, tiie present invention is not only limited to tills, but is also possible to realize graceful degradation 
through multi-carrier transmission by using, for example, a transmitter 200 with the structure shown in Rg. 1 1 as 
the transmitter 3 (Rg. 2). 

50 That Is. in Fig. 1 1 in which a portion corresponding to tiiat in Fig. 4 is provided with the same reference numeral, 

the transmitter 200 divides tiie re-fbnnatted signal S10 outputted from tiie re-fbrmatting circuit 12 into a plurality of 
data values in accordance witii tiie significance of data. Each divided data value is modulated by a different mod' 
ulation method by a digital nxxluiatlon section 42 and set wHhin a specified frequency band. In this case, it is possible 
to constitute tiie modulation section 42 with a BPSK (Binary Phase Shift Keying) modulation circuit 42A, a QPSK 

55 modulation circuit 42B. and a 16QAM (Quadrature Amplitude Modulation) drcuit 42C. Moreover, tiie modulation 
circuits 42A to 42C are constituted so as to shape waveforms by a rdl-off filter similarly to tiie case of the above 
embodiments. 

In tills case, tiie rate of the data quantity of each modulation method is determined in accordance w'rtii the 
following idea. That is, when transmitting a digital audio signal only through QPSK modulation, specifying the band- 
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width in the QPSK modulation as "1" and the transmission data quantity as "1 and assuming the data rates of the 
BPSK modulation. QPSK modulation, and 1 6QAM modulation as V, "y". and *'z" respectively, the following equation: 

x + y + zsl (2) 

5 

is obtained fbr the data quantity. Moreover, the following equation: 



z 

10 2x + y + =1 . . . ( 3 ) 

2 



IS is ot)tained fbr the bandwidth. Therefore, the rate of data quantity of each modulation method can be obtained from 
the above two equations. To transmit the same data quantity as the QPSK modulation, the BPSK modulation requires 
a twofold band but the 16QAM modulation requires only a 1/2 band. Therefore, the equation (2) is obtained for the 
bandwidth. 

20 Modulated signals S30A to S30C outputted from the digital modulation circuits 42A to 420 are supplied to an 

infrared optical emitter through the addition circuit 43 and the amplification circuit 14. Thus, graceful degradation 
can be realized because a data transmission distance changes for each modulation method. 
(3-2) In the above embodiments, the roll-off filters 132 and 133 are set at the rear stage of the serial/parallel con- 
version circuit 131 and at the front stage of phase modulation by carriers so that the QPSK modulation circuit 13 is 

2S easily realized. However, the present invention is not only limited to this, but is also possible to set the roll-off filters 
132 and 133 at the rear stage of the phase modulation. 

Moreover, in the above embodiments, a roll-off filter with a roil-off rate of 20 to 30 [%] is set to the QPSK mod- 
ulation circuit 13 of the transmitter 3. However, the present invention is not only limited to this, but is also possible 
to set a roll-off filter to the modulation side and the denrnJulation side respectively. In tiiis case, it is necessary to 

50 constitute the roll-off filters so that the roll-off rates of the modulation-side and denxxJulation-side roll-off filters come 
to a total of 20 to 30 [%]. That is. it is necessary to realize roll-off in the whole transmission path. It is normally 
necessary to use a filter having the root roll-off characteristic equally distributed to the transmitting side (modulation 
side) and the receiving side (demodulation side). 

(3-3) In the above embodiments, the digital audio signal Si conforming to IEC-958 is set within a specified frequency 
35 band and infrared-transmitted. However, the present invention is not only limited to this, but can apply to the case 
of infrared-transmitting Atrac data obtained from a mini<lisk drive (MD). data obtained from a digital compact cas- 
sette (DCC). or computer data and obtain the same advantage as the above embodiments. Moreover, these types 
of data can be discriminated by adding a header to them. 

(3-4) By adding a return function to the receiving side, it is possible to control the light emitting direction or the like 
40 at the transmitting side in accordance with the receiving state at the receiving side and further improve the usability. 

Furthermore, according to the above embodiments, noises are decreased and an error rate is improved as the 
result of nan'owing the frequency bandwidth of a transmission signal and resuKingty, a transmission distance can 
be increased for the same transmission output. It is also possible to obtain the same advantage by performing 
nanrow-angle transmission by the infrared optical emitter 4. This is effective when the receiving side is a fixed object 
45 like a speaker. 

(3-5) In the above entixxliments. the digital audio unit 2 is provided separately from the transmitter 3 and the infrared 
optical emitter 4, and the analog audio unit 7 and the digital audio unit 8 are set separately from the infrared pho- 
todetector 5 and the receiver 6. However, the present invention is not only limited to this, but may provide the trans- 
mitter 3 and the infrared optical emitter 4 on the digital audio unit 2. and the infrared photodetector 5 and the receiver 
so 6 on the analog audio unit 7 or digital audfo unit 8. 

As described above, according to the present invention, a digital signal transmission apparatus capable of infrared- 
transmitting adigital signal within a specified frequency l}and can be realized by using QPSK-modulation means provided 
with a means for generating an l-component signal and a Q-component signal through serial/parallel conversion, a rolt- 
55 off fitter with a predetermined roil-off rate for narrowing a bandwidth through filtering of the l-component signal and the 
Q-component signal, and a means for two-phase-modulating the filtered I- and Q-component signals, and driving an 
infrared emitter based on a digital modulated signal supplied from the QPSK-oKxIulatfon means and thereby generating 
infrared rays. 
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Moreover, according to the present invention, a digital signal transmission apparatus capable of infrared-transmitting 
a digital signal within a specified frequency band and obtaining a desired signal characteristic at the receiving side can 
be realized by applying a different modulation to each data value Included in the digital signal in accordance with a 
predetermined significance of the data value, using a plurality of modulation means having a roll-off filter respectively, 
and driving an infrared emitter based on the digital signal modulated by each modulation means. 

While there has been described in connection with the pretended embodiments of the invention, it will be obvious to 
those skilled in the art that various changes and modifications may be aimed, therefore, to cover in the appended claims 
all such changes and modifications as fall within the true spirit and scope of the invention. 

Claims 

1 . A digital signal transmission apparatus comprising: 

input means (10) for receiving a digital signal at a predetermined transmission rate; 

QPSK-moduIation means (13) including a means (131) for generating an l-component signal and a Q-com- 
ponent signal tiirough serial/parallel conversion of the digital signal received by said input means, a roll-off filter 
(132, 133) with a predetermined roll-off rate for nanowing a bandwidth through filtering of the l-component signal 
and the Q-oomponent signal, and a means (134, 135) for two-phase-modulating the filtered I- and Q-component 
signals; and 

infrared transmission means (1) for transmitting said digital signal to external units by driving an infrared 
emitter (4) based on a digital nrxxlulated signal supplied from said QPSK-modulation means (13) and thereby gen- 
erating infrared rays. 

2. The digital signal transmission apparatus according to claim 1 , wherein said roll-off filter (132. 133) has a roll-off 
rate of approximately 20 to 30 [%]. 

3. The digital signal transmission apparatus according to claims 1 or 2. wherein: 

said digital signal comprises a signal and/or signals with a sampling frequency and/or sampling frequencies 
of 32, 44.056. 44.1 . and/or 48 [kHz]; and 

said QPSK-modulation means (13) sets said digital signal within a frequency band of 3 to 6 [MHz]. 

4. The digital signal transmission apparatus according to claims 1 or 2. wherein: 

said digital signal comprises signals with first and second sampling frequencies whose sampling frequency 
ratio is m:n (m > n, m, and n are positive integers); and 

said QPSK-modulation means (13) Is provided with patching means (130) for patching said signal with the 
second sampling frequency to process It as said signal with the first sampling frequency. 

5. The digital signal transmission apparatus according to claim 4. wherein: 

said digital signal further comprises signals with third and fourth sampling frequencies which are dose to 
each other; 

said roll-off filter (1 32, 1 33) comprises a first roll-off filter for roll-off-shaping said signal with the first sampling 
frequency and a second roll-off filter for roll-off-shaping said signals with the third and the fburth sampling frequencies 
as one sampling frequency; and 

switching means (SW2, SW3) for selecting either of an output of said first roll-off filter and an output of said 
second roll-off filter and supplying tiie selected signal to said two-phase-modulating means (134. 135) is included. 

6. The digital signal transmission apparatus according to claim 5. wherein said first, second, third, and fourth digital 
signals are signals having the sampling frequencies of 32. 48. 44.056, and 44. 1 [kHz] respectively. 

7. The digital signal transmission apparatus according to any one of tiie preceding claims, comprising 

error-con^ection-code addition means (30) for adding an eror correction code to said inputted digital signal 
and supplying the signal provided with the error correction code to said QPSK-modulation means (13). 

8. The digital signal transmission apparatus according to daim 7. wherein sakJ error-correction-code addition means 
(30) comprises: 

data division means (31) for dividing said digital signal into a plurality of data values in accordance with a 
predetermined signiftoance of each data value induded in said digital signal; 

error-correction-code addition means (32) for adding a different enror correction code to each divided data 
value; and 

addition means (33) for adding said data values provided witii different error conection codes. 
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9. The digital signal transmission apparatus according to any one of the preceding claims, comprising: 

data division means (41) for dividing said digital signal into a plurality of data values in accordance with a 
predetermined significance of each data value included in said digital signal; 

BPSK-moduIation means (42A) for roll-off-shaping and BPSK-modulating one of said divided data values; 
5 1 6QAM-modulation means (424) for roll-off -shaping and 1 6QAM-modulatlng one of said divided data values; 

and 

addition means (43) for adding said BPSK-modulated data, said 16QAM-modulated data, and said QPSK- 
modulated data, wherein 

said infrared transmission means (1) generates infrared rays by driving an infrared emitter based on a digital 
10 nxxiulated signal supplied from said addition means and transmits said digital signal to external units. 

10. A digital signal transmission method comprising: 

the step of receiving (10) a digital signal at a predetermined transmission rate; 

the QPSK-rTKXiulation step (13) of generating an l-component signal and a Q-component signal through 
15 serial/parallel conversion (1 31 )of thus received digital signal, for performing roll-off filtering (1 32. 1 33) to the l-com- 
ponent signal and the Q-component signal to narrow a bandwidth, and for two-phase-rruxlulating (134. 135) the 
roll-off filtered I- and Q-conponent signals; and 

the infrared transmission step (1) of transmitting said digital signal to external units by driving an infrared 
emitter based on a digital modulated signal supplied by said QPSK-modulation step and thereby generating infrared 
20 rays. 

11. The digital signal transmission method according to claim 10. wherein said roll-off filter (132, 133) used on said 
QPSK-modulation step (13) has a roll-off rate of approximately 20 to 30 [%]. 

25 12. The digital signal transmission method according to daim 10, wherein: 

said digital signal comprises a signal and/or signals with a sampling frequency and/or sampling frequencies 
of 32. 44.056. 44.1 . and/or 48 [kHz]; and 

in said QPSK-modulation means step (13), said digital signal is set within a frequency band of 3 to 6 [MHz]. 

30 13. The digital signal transmission method according to daim 10, wherein: 

said digital signal comprises signals with first and second sampling frequencies whose sampling frequency 
ratio is m:n (m > n, m, and n are positive integers); and 

in said QPSK-modulation step (13), said signal with the second sampling frequency is patched to process it 
as said signal with the first sampling frequency. 

35 

14. The digital signal transmission method according to daim 13, wherein: 

said digital signal further comprises signals with third and fourth sampling frequencies which are close to 
each other; 

said QPSK-modulation step (13) includes first roll-off filtering processing step of roll-off-shaping said signal 
40 with the first sampling frequency, and second roll-off filtering processing step of roll-off-shaping said signals with 
the third and the fourth sampling frequencies as one sampling frequency; and 

either of a processing result obtained by said first roil-off filtering processing step and a processing result 
obtained by said second roll-off filtering processing step is selected (SW2. SW3). and the selected signal is two- 
phase-modulated (132, 135). 

45 

15. The digital signal transmission method according to daim 14, wherein 

said first, second, third, and fourth digital signals are signals having the sampling frequendes of 32. 48, 
44.056, and 44.1 [kHz] respectively. 

50 16. The digital signal transmission method according to daim 10, comprising 

the en'or-Gorrection-code addition step (30) of adding an error connection code to said inputted digital signal 
and supplying the signal provided with the error correction code to saki QPSK-modulation step. 

17. The digital signal transmission method according to daim 16, wherein 
55 said enror-correction-code addition step (30) comprising: 

the data diviston step (31) of dividing said digital signal into a plurality of data values in accordance with a 
predetermined significance of each data value induded in said digital signal; 

the en'or-correction-oode addition step (32) of adding a different error correctkm code to each divkled data 
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value; and 

the addition step (33) of adding said data values provided with different en^or correction codes. 

18. The digital signal transmission method according to daim 10. comprising: 

the data division step (41) of dividing said digital signal into a plurality of data values in accordance with a 
predetermined significance of each data value included in said digital signal; 

the BPSK-modulation step (42A) of roll-off-shaping and BPSK-modulating one of said divided data values; 
the 16QAM-modufation step (42C) of roll-off-shaping and 16QAM-modu!atlng one of said divided data values; 

and 

the addition step (43) of adding said BPSK-modulated data, said 16QAM-modutated data, and said QPSK- 
modulated data, wherein 

In said infrared transmission step (1), infrared rays is generated by driving an infrared emitter based on a 
digital modulated signal supplied from said addition step, and said digital signal Is transmitted to external units. 

19. A digital signal transmitter-receiver comprising: 

QPSK-modulation means (13) Including a means for generating an l-component signal and a Q-component 
signal through serial/parallel conversion (131) of a digital signal with a predetermined transmission rate, a roll-off 
filter with a predetemilned roll-off rate fbr narrowing a bandwidth through filtering (132, 133) of the 1-component 
signal and the Q-component signal, and a means fbr twoi)hase-modulating the filtered I- and Q-component signals; 

Infrared transmission means (1) fbr transmitting said digital signal by driving an Infrared emitter based on a 
digital modulated signal supplied from said QPSK-modulation means and thereby generating Infrared rays; 

infrared-ray receiving means (6) for receiving the infrared rays transmitted from said infrared transmission 
means and forming a receiving signal con-esponding to said digital modulated signal; and 

demodulation means for reproducing said digital signal by denradulating said receiving signal. 

20. The digital signal transmitter-receiver according to daim 19, wherein: 

said QPSK-modulation means (13) and said infrared transmission means (1) are arranged in a first electronic 
unit; and 

said infrared-ray receiving means (6) and said demodulation means are arranged in a second electronic unit 
outside of the first electronic unit. 

21. The digital signal transmitter-receiver according to daim 20. wherein 

said second electronic unit is a speaker system. 
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